Introduction
Major depressive disorder (MDD) is characteristic with the presence of loss of pleasure or interest in usually pleasurable activities (anhedonia), together with a set of other features, including anergia, changes in sleep and appetite, sadness, and suicide ideation. 1 As one of the most prevalent forms of mental illness worldwide, about 10%-30% of women and 7%-15% of men likely to suffer from depression in their lifetime. 2, 3 Coupled with its high rate of relapsing, depression is a serious mental disorder that imposes substantial and spiritual burden on the patients as well as on public health and society. 4, 5 Conventional antidepressants, such as monoamine oxidase inhibitor, tricyclic antidepressants, and serotonin selective reuptake inhibitors (SSRI), take several weeks to achieve therapeutic effects. 6 Additionally, almost 1/3 of MDD patients have no response to the conventional medications. 7 The delayed onset time and the low remission rate of conventional antidepressants 
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Wu et al remain major challenges. 8 Consequently, new medications that have rapid onset of antidepressant effects are urgently needed nowadays. 6 Recently, ketamine, one of the N-methyl-d-aspartate antagonists, draws an army of attention for its high potential to ameliorate depressive symptoms within a few hours 9 and last for as long as 2 weeks. 10 Ketamine rapidly increased the expression of brain-derived neurotrophic factor (BDNF) in the hippocampus. 11 Serum BDNF levels were intimately associated with MDD and antidepressant responses. 12, 13 Serum BDNF levels are increased by ketamine in treatment-resistant MDD patients, 14 in agreement with some findings that higher BDNF levels were associated with treatment with antidepressants. 15 Yet, the psychotomimetic and dissociative side effects of ketamine may restrict its wide use clinically. 16 Presently, a critical need remains for new treatments that act rapidly as ketamine but well-tolerated. 16 Some evidence supports herbal medicine for effective and safe treatment of depression, 17 for monotherapy or in adjunct with conventional antidepressants. 18, 19 The famous Chinese herb medicine prescription, Yueju (namely, depressionovercoming) pills, an oriental herbal formula originally prescribed 800 years ago by a pioneer Chinese medical doctor Zhu Dan-xi, is still used to treat depression, anxiety, and irritability. 20 Recently, results from an experimental investigation using animals -uncovered ketamine-like rapid antidepressant effects of Yueju: acute administration of Yueju rapidly attenuated depression-like symptoms in learned helplessness paradigm 21 and novelty-suppressed feeding test, 22 tasks which normally require chronic treatment of SSRI to exhibit antidepressant efficacy. 23 A previous study showed Yueju rapidly increased hippocampal BDNF expression in mice, similar to ketamine. 21 More recently, another study indicated that Gardenia jasminoides Ellis (one of the primary constituents in Yueju) also rapidly increased BDNF expression, in parallel with its rapid antidepressant efficacy in behavior paradigms. 22 Based on these observations, BDNF may play a crucial role in the antidepressant mechanism of Yueju, and G. jasminoides Ellis may be responsible for such effects. Furthermore, in a chronic mild stress model that mimics clinical depression, a single administration of Yueju also showed rapid and lasting antidepressant effects similar to ketamine (Tang and Chen, unpublished observation, 2015). These findings suggest that Yueju may be potentially used as a rapid antidepressant in the clinical setting.
The aim of the present work was to assess the rapidonset efficacy of Yueju on the treatment of MDD in a 7-day, double-blinded, placebo-controlled, and randomized pilot clinical trial. Fluoxetine, a well documented late-onset SSRI, was used in adjunct with Yueju or placebo. BDNF levels in the serum before and at different times after treatment were also assessed as a putative biomarker. In the present study, 3 days of treatment with fluoxetine plus Yueju produced a modest but significant improvement, compared to unaltered clinic outcomes in patients treated with fluoxetine plus placebo. These data suggest that Yueju was crucial to induce relatively rapid antidepressant effects in MDD treatment. Additionally, the serum BDNF level on day 1 and day 7 was significantly correlated only in the experimental group, likely indicating responsiveness to the treatment.
Methods

study funding and setting
The study was supported by Priority Academic Program Development of Jiangsu Higher Education Institutions. The study protocol was approved by the Medical Ethical Committee of the Fourth People's Hospital of Taizhou in accordance with the Declaration of Helsinki and its subsequent amendment. All participants were required to sign an informed consent document before entry into the study. Written informed consent was obtained from all the participating patients after the procedures had been fully explained.
Patient selection
Patients were recruited from referrals from outpatient psychiatric units between December 2013 and May 2014. Men and women were eligible to participate if they met the following criteria: 1) aged 18-65 years; 2) had a first-time DSM-IV diagnosis of major depression without psychotic features; 24 3) were never exposed to psychotropic drugs; and 4) had a minimum score of 20 on 24-item Hamilton Depression Rating Scale (HDRS-24).
Any of the patients with other major axis I disorders, including schizophrenia, bipolar disorders, anxiety disorders, substance-related disorders, and eating disorders, as well as the presence of any acute physical disorders, exposure to drugs known to affect either platelets or the coagulation system taken within the previous 10 days were excluded. All patients were judged clinically not to be a serious suicide risk.
A trained mental health professional who was not the treating clinician administered the ratings. High interrater interclass correlation coefficient (ICC) for the HDRS-24 (ICC =0.92) and Montgomery-Asberg Depression Rating Scale (MADRS) (ICC =0.89) were obtained. 
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rapid onset of Yueju to treat MDD randomization All the patients were numbered according to the order they came to the hospital. The numbers were divided into two groups using a random-numbers chart. The random numbers were sealed in opaque envelops orderly. Patients were assigned into two groups, the experimental group (Yueju plus fluoxetine) and the control group (placebo plus fluoxetine), according to the random numbers. Both patients and the depression-scale rater did not know the results of assignment.
Preparation of fluoxetine
Fluoxetine hydrochloride tablets were manufactured by Eli Lilly and Company, Indianapolis, IN, USA. No additives were added except water which facilitated the formation of pills. The placebo pills were prepared to be identical to the herbal pills in shape, size, and color. To minimize the effects of distinctive smell of herbal preparations on double-blinding, both placebo and herbal tablets were contained in blister packs consisting of plastic films and aluminum foils. There were 23 g pills of Yueju or placebo in a blister pack for a daily oral supply. Based on the previous dose-effect relationship on Yueju in preclinical studies and Chinese medicine clinical outcome observations, 21 the amount of 23 g pills was chosen as the testing dose in this pilot study. The dosage of fluoxetine was 20 mg/day, a relatively safe and efficient dose. 26 
Preparation of Yueju
study design
Patients were treated for 7 days; they were randomly assigned using a random-numbers chart to two groups, the experimental group (Yueju plus fluoxetine) and the control group (placebo plus fluoxetine). All the drugs were orally taken. The fluoxetine dose was 20 mg/day, while the Yueju and placebo dose were 23 g/day. No individual or group therapy was permitted during the trial. Blood extraction was conducted at baseline, 1st and 7th day of the treatment to test the variance of serum concentration of BDNF.
Outcome measures
The therapeutic efficacy was evaluated at baseline, 1st, 3rd, 5th, and 7th day of the treatment by scoring according to HDRS-24 and MADRS, and the adverse reaction was scaled by Treatment Emergent Symptoms Scale. Clinical remission was defined as an achievement of a score of #8 on HDRS-24. Clinical response was defined as a 30% decrease in HDRS-24 score from the baseline for this 7-day drug administration regimen.
Blood samples
Blood samples were drawn from the antecubital vein of MDD patients and collected into coagulation-promoting tubes. Blood extractions were performed between 9 and 10 am to minimize the effects of possible circadian rhythm alterations. Patients had not been exposed to drugs known to affect the coagulation system within 10 days prior to blood extraction.
laboratory methods
After obtaining the blood, the samples were centrifuged (1,000× g for 15 minutes) immediately and serum samples were collected and stored at −80°C until assayed. BDNF was measured using an anti-BDNF sandwich ELISA kit (R&D Systems, Inc., Minneapolis, MN, USA) according to the manufacturer's instructions. Serum was diluted 1:20 with sample buffer and carried out in duplicate blind to clinical information. BDNF standard solution was diluted to concentrations from 0 to 4,000 pg/mL in a microplate reader in order to create the standard curve for BDNF levels. BDNF levels were determined by absorbance in 450 nm using optical density values based on the standard curve values. 
Results Patients
Forty-six patients were screened, of which 20 subjects who met DSM-IV criteria and first-time diagnosed with MDD were randomly assigned into experimental and placebo groups. Twenty-six patients were excluded as they did not meet inclusion criteria (n=11) or refused to participate (n=15) (Figure 1 ). Ten patients received Yueju plus fluoxetine and ten received placebo plus fluoxetine. Two patients who received placebo plus fluoxetine discontinued the study due to the intolerance of gastrointestinal symptoms and insomnia at day 1 ( Figure 1 ) and thus data from 18 participants was analyzed.
Patients' demographic and clinical characteristics are summarized in Table 1 
Efficacy
The analysis with the HDRS-24 scores showed significant effects for drug (F [1, 16] =6.363; P=0.023) and time (F [1, 21] =8.290; P=0.006). The interaction between drug and time did not reach significance (F [1, 21] =2.822; P=0.100). Post hoc tests indicated a significant improvement for experimental group over control group from the 3rd day to the 7th day of treatment (the 3rd day: F [1, 6] =7.867, P=0.013; the 5th day: F [1, 16] Table S1 and Figure 2A shows the means and standard errors for the HDRS-24 scores at each time point. Using the data with MADRS, there was significant main effect for time (F [1, 21] =7.791) and drug × time interactions (F [1, 21] =4.146; P=0.048), but not drugs (F [1, 16] =2.051; P=0.171). In addition, there was almost a statistically significant improvement for the experimental group over the control group on 5th day of treatment (F [1, 16] =4.498, P=0.050). The effect size was large since the 3rd day (d=0.87 [95% confidence interval, −3.65 to 4.44]) and remained large through the study on the 5th day (d= 1.07 [95% confidence interval, −3.50 to 5.09]) and the 7th day (d=0.93 [95% confidence interval, to 4.22-5.63]). Patients in the experimental group showed a remarkable decrease in scores of MADRS (F [4, 45] =4.077, P=0.007), with all time points P,0.05 compared to baseline except the 1st day, whereas patients in the control group did not show significant change overtime post 7-day treatment (F [4, 35] =0.093, P=0.984) ( Figure 2B and Table S2 ). Figure 2C and D shows the response rates for HDRS-24 and MADRS throughout the study. After taking the medications for 7 days, five of ten (50%) patients in the experimental group met response criteria using HDRS-24 data, while two of eight (25%) patients in the control group met response criteria. There was significant difference between these two groups (Z=−2.062, P=0.039). With regards to MADRS, the response rate was also different between two groups (Z=−2.287, P=0.022), with five of ten (50%) responsive patients in experimental group vs none of eight patients (0%) in control group. No remissions were achieved in the experimental or the control groups.
BDNF serum levels
As for serum BDNF levels (Table S3) , there were no significant main effects of treatment (F [1, 16] .375, P=0.103) , the serum BDNF level in the experimental group at day 1 and day 7 were significantly correlated (r=0.721, P=0.028), in contrast to no correlation in control group (r=−0.104, P=0.825) ( Table 2 ).
adverse effect
There were infrequent adverse effects, mainly gastrointestinal symptoms, such as diarrhea (two for the experimental group and two for the control group) and constipation (two for the experimental group and three for the control group). Because these symptoms occurred with comparable frequency in both groups, they likely arose from the side effects of fluoxetine.
Discussion
Rapid antidepressants are urgently needed clinically. As preclinical findings indicated an herbal medicine Yueju showed ketamine-like rapid antidepressant effects, we tested whether Yueju had antidepressant potency in a relatively rapid manner clinically. In the present study, we used fluoxetine combined with Yueju or placebo to ensure patients received adequate conventional antidepressant therapy. Fluoxetine is an SSRI, which requires more than 2 weeks for observable antidepressant effects 27 and with high rates of side effects such as nausea and headaches. 28 Our study focused on the first 7 days after treatment, a time when fluoxetine was incapable to elicit antidepressant effects. This was supported by the observation that in the patients receiving placebo plus fluoxetine, there were no significant changes of HDRS-24 scores over the first 7 days of treatment. In contrast, treatment with Yueju plus fluoxetine resulted in an early onset of antidepressant effects starting at 3 days and lasted for the rest of the days of testing, compared to the pretreatment baseline level, and control group. Additionally, the response rate for experimental group (Yueju plus fluoxetine) was significantly higher than the control group (placebo plus fluoxetine). The rapid antidepressant effect thus is likely owed to Yueju in the present study. To the best of our knowledge, this is the first study to demonstrate the relatively rapid antidepressant effects of an herbal medicine clinically.
The onset time of antidepressant effect of oral Yueju and fluoxetine appeared not to be as early as a single infusion of ketamine, which can exhibit antidepressant effects within hours. 9 Additionally, the response rate of oral Yueju and fluoxetine was lower than ketamine infusion in the previous study: 12 (71%) of the 17 subjects treated with ketamine met response criteria (defined as 50% reduction of the scores compared with baseline), 6 whereas we found a 50% responding rate here using less stringent criteria. However, recently a study using daily oral ketamine showed a significant reduction of the depression-scale scores starting at the 14th day throughout the 28-day study. 29 Thus, the onset time for a significant improvement of the mood ratings within the first few days of the treatment with fluoxetine and Yueju was still considerably quick. Although infusion of low dose of ketamine is more efficacious in quickly relieving the depressive symptoms, it can induce the side effects at the very beginning and may lead to spatial memory impairment. 30 In contrast, no psychometric effects have been noticed in the present study. Therefore, Yueju plus fluoxetine may still be a promising alternative medicine to treat depression in a fast and safe manner, as well as to be used for a trial to treatmentresistant depression therapy as ketamine. 6 Serum BDNF has been used as a putative maker for antidepressant responsiveness. However, different results have been reported on BDNF serum level after antidepressant treatments. Some studies failed to detect increased BDNF levels after antidepressant treatments. 31 Deuschle et al reported a decline of serum BDNF level in venlafaxine-treated patients, but an increase in mirtazapine-treated patients. 32 We did not find a significant change of overall serum BDNF levels at 7 days in experimental or control groups, nor did we find significant correlations of serum BDNF levels with HDRS-24 scores. Observations in ketamine-infused patients showed similar results: despite a significant improvement in MADRS scores after subjects received ketamine infusion, no changes in BDNF levels were observed compared to baseline. Also, no association was found between antidepressant response and BDNF levels. 31 The link between serum BDNF level and rapid antidepressant response remains to be established. Interestingly, there was a significant correlation between the 1st day and the 7th day serum BDNF levels in experimental group but not the control group. This may indicate a consistent serum BDNF level over time following Yueju plus fluoxetine treatment but not fluoxetine plus placebo treatment, suggesting responsiveness to Yueju Further clinical and preclinical studies should investigate how changes in serum BDNF level are associated with behavioral outcomes and whether BDNF can be used as an early indicator of the drug responsiveness. The present study for the first time demonstrated a plausible role of an ancient herbal medicine in eliciting relatively fast antidepressant responses in MDD patients. There were, however, several limitations. First, the sample size of the present study was small. This was partially due to the relatively restrictive inclusion criteria: patients were required to be previously unexposed to psychotropic drugs, to exclude the plausible impact from the history of antidepressant administration. Also, we only included patients with relatively higher baseline HDRS-24 scores ($20) to test the antidepressant effects of the drugs on patients with typical symptoms of depression. Nonetheless, our preliminary results with small sample size should be interpreted with caution and prevent us from analyzing important factors influencing antidepressant responses, such as sex and estrous cycle. Second, our study is a single-center research, which may restrict generalization of our findings. Third, the study was carried out in a relatively short time, with focus on the rapid antidepressant efficacy. Future study should address the short-term and long-term therapeutic effects and with larger sample size. Fourth, although the shape and color of the placebo were similar to Yueju, the smells of Yueju and placebo were not exactly identical, which may lead to the plausible incomplete blind treatment to patients. Lastly, it would be better to include a single fluoxetine or Yueju group in order to clarify whether patients only treated with Yueju also display rapid-onset antidepressant actions. A study of monotherapy with Yueju is needed to directly test the rapid antidepressant efficacy of Yueju.
In summary, the present work suggests Yueju is potent to induce relatively rapid antidepressant effects in MDD patients with few adverse events. Further investigation with multicenter, large sample sized, randomized, long-term, and placebo-controlled clinical trials are necessary to establish the efficacy and safety of oral Yueju for the treatment of MDD.
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